Abstract. In the modern broiler industry, solutions are still being sought to improve conditions or eliminate problems related to issues such as animal welfare, health, and meat quality brought by intensive production systems. Therefore, this experiment was conducted to study effects of perching on growth performance, carcass characteristics, and footpad lesions (FPLs) in broiler chickens. A total of 300 broiler chicks (Ross 308) were distributed into control and perch groups with three replicates including equal numbers of males and females. The perch group contained two single perches in each pen.
Introduction
Poultry products, mainly from broilers, have come into prominence in human nutrition as valuable and economical food. It is obvious that broilers with the best feed conversion ratio of domesticated land-based animals will retain their importance in the future as long as the human population continues to increase. Broiler production has increased incrementally and become one of the most intensive animal production systems. High stocking density together with genetic selection for higher feed conversion efficiency and growth rate has caused behavioral restriction and uneven use of space. Therefore, broilers reared using standard commercial practice suffer from many welfare problems (SCAHAW, 2000) .
Animal welfare and health, meat quality, production intensity, performance, and housing conditions such as air and litter quality have always been current issues in intensive broiler production systems. Lack of exercise and/or sitting on low-quality litter for extended periods of time have been reported to be the main causes of leg weakness and skin lesions (Bessei, 2006) . In order to improve some of these conditions, perch use has been tested by several studies. Perching is an instinctive behavior in domesticated birds (Blokhuis, 1984) . However, there are some problems with perch use in broilers. Broilers' perching behavior is not as common as in laying hens (Faure and Jones, 1982) , probably due to their fast growth rate and therefore heavy body weight in early ages, and they tend to exercise less with advancing age (LeVan et al., 2000) . Broilers' short life also may contribute to low perch use. Several studies show that broiler chicks spend little time on perches in early weeks; therefore, they would have a few weeks to use perches before they get too heavy. On the other hand, if broilers do not use perches, already restricted space could be more restrained by placing perches in the housing. The short production cycle may also be a problem for setting up and removing perches in broiler housing.
Despite all these adverse factors, various beneficial effects of perching have been reported in broiler production. Theoretically, perches have the potential to reduce stocking density at floor level (Hughes and Elson, 1977) , decrease health problems related with stocking density, such as reduced leg problems through exercise (Haye and Simons, 1978) ; improve heat stress conditions by allowing air flow beneath the perches to help thermoregulation of birds (LeVan et al., 2000) ; decrease aggression; and promote more even distribution of birds within the pen space (Ventura et al., 2012) .
Spatial confinement causes behavioral restrictions in broilers, which tend to move less at higher animal densities (Newberry and Hall, 1990) . While lack of exercise was reported to increase the incidence of leg abnormalities, beneficial effects of perching diminished leg problems by increasing animal mobility in broilers (Haye and Simons, 1978) . In broiler production, FPLs have become a serious welfare and economical issue. FPLs may have a direct economic impact through reducing the quality of chicken feet, which are highly demanded in the export market (Shepherd and Fairchild, 2010) . Severe FPLs are considered to be painful for the birds (Michel et al., 2012) , may cause a deteriorated state of animal's health, and can even be a gateway for pathogens (Ekstrand et al., 1997) . In the recent years, there has been a marked increase in the frequency of FPLs in the world. Prevalence of severe FPLs has been reported to the levels of 38-70 % in regular, modern fast-growing broilers (Allain et al., 2009; Gouveia et al., 2009 ). Hashimoto et al. (2011) reported the incidence of FPLs as 13. 1, 33.3, 33.4, and 20 .2 % for the scores of 0, 1, 2, and 3, respectively. In that study, the incidence of FPLs in 42 flocks ranged from 31.9 to 99.5 %. FPLs can be caused by several risk factors, such as litter moisture and type, diet composition, bird weight, and sex; all of these factors may interact with each other and make it difficult to understand the etiology of FPLs (Mayne, 2005) . In the literature, litter quality (litter type, moisture, ammonia content) is at the beginning of the list of factors that can cause FPLs (Martland, 1985; Mayne, 2005) . A limited improvement of footpad health by use of simple barrier perches has been reported (Ventura et al., 2010) . Ventura et al. (2012) reported that simple barrier perches could be a cheap and simple strategy to improve broiler health and welfare by creating a more complex environment to increase activity level and providing more space for resting, as well as decreasing aggression. Use of perches has been reported among environmental improvements that have been shown to increase activity and welfare of broilers in sheds (SCAHAW, 2000) .
The present study was conducted to evaluate the perch use ratio of broilers and the effects of perch availability on performance, carcass and certain meat quality characteristics, and FPLs in broilers.
Materials and methods
The following procedures related to animal handling and sample collections were approved by the Eskisehir Osmangazi University Local Ethics Committee of Animal Experiments (HAYDEK-421-2014) . The study was conducted at the Poultry Research Unit of Animal Science Department, Faculty of Agriculture, Eskisehir Osmangazi University, Eskişehir, Turkey.
Animals and diets
A total of three hundred 1-day-old mixed-sex broiler chicks (Ross 308) with an average initial body weight of 49.1 ± 1.07 g were obtained from a commercial hatchery. The chicks were randomly assigned to control and perch groups, which each contained 150 birds. The experiment was arranged as a completely randomized design with two treatments that were further subdivided into three replicates, each containing 50 birds (25 males and 25 females). Each replicate was assigned to a clean floor pen (2.5 × 1.5 m) covered with 5-6 cm of pine wood shavings and equipped with one hanging bell drinker, two tube-type feeders, and electrical heaters. Pens in the perch group additionally included perches as described below. The stocking density was 13 birds per square meter of floor space. The room temperature was gradually decreased from 33 • C at chick arrival to 23 • C on day 22 and thereafter kept constant until trial termination on day 39. Chicks received 23 h of light per day during the experiment. The house was ventilated with adjustable windows. Birds were vaccinated against the infectious bursal disease and Newcastle disease viruses via drinking water at 10 and 14 days of age, respectively.
Ingredients and nutritional composition of the starter and grower diets are presented in Table 1 . The diet was a typical corn-wheat-soybean diet that was formulated to meet or exceed all nutrient recommendations published in the Ross rearing guidelines (Aviagen, 2007) and did not contain antibiotic growth promoters, coccidiostats, or any other performance enhancer. The diet in mash form and water were provided ad libitum. Chemical compositions of diets were determined according to the methods described in AOAC (1990) and the metabolic energy was calculated as described in TSE (1991) .
The birds were weighed on a pen basis on days 1, 21, and 39 to determine body weight through relevant experimental periods. Feed intake within each subgroup was calculated for the first 3-week period (days 1-21) and for the complete growth period (days 1-39) by subtracting residual feed from the offered feed. The feed conversion ratio was calculated as the ratio of feed intake to body weight gain (g feed / g gain). The ratio was adjusted for weight of chicks at day 1 and weight of dead birds for each pen. Mortality was recorded daily and expressed as a percentage of the initial number of chicks. While determining the final body weight at day 39, FPL scores of all birds were concurrently evaluated. For the scoring, FPLs were assigned to one of the following four classes: 0 -no lesions, discoloration, or scars; 1 -mild lesions, parts of footpad discolored to light brown; 2 -large or multiple tumors, discoloration of footpad to dark brown; 3 -severe deep lesions, ulcers, and scabs (Van der Aa, 2008).
Pen design and perching observation
Two wooden perches at a height of 12 cm and measuring 3 × 5 × 100 cm (thickness × width × length) were placed horizontally between feeders and the drinker in each pen of the perch group as shown in Fig. 1 . Each perch had a 25 cm wooden mount at each end forming an "I" shape and providing a total of 150 cm of linear perching space. A total length of 300 cm provided 6 cm of perching space per bird in the perch group. Camcorders were positioned over each pen of only the perch group and light colored wooden perches were painted in black in order to easily observe the number of broilers perching. Perches were placed in pens within the first week and pens were recorded 24 h a day starting from the second week until end of the experiment. Then the records were viewed for 15 min of every consecutive hour of consecutive days (i.e. 00:00-00:15, 02:00-02:15 LT, and so on) and number of birds displaying a full perching behavior, sitting at least 5 s, were counted. Crossing over the perch or walking on the perch for a short time was not counted as perching. The data were analyzed for average perching throughout the study, perching by age (second through fifth week), and daytime (08:00 to 18:15 LT) versus nighttime (20:00-06:15 LT).
Sample collection and analysis
Broilers were all slaughtered at 39 days of age. To determine the carcass yield, relative weight of the carcass cuts, inter- nal organ weight, and meat quality characteristics, 16 birds (8 male, 8 female) representing the average weight of the group (±5 %) were selected from each group. Then, 32 sampled birds were slaughtered by severing the jugular vein in the experimental processing unit 8 h after feed withdrawal. The carcasses were immersed in hot water (60 • C for 62 s), plucked, and manually eviscerated. Then, the whole carcass was immediately weighed, and hot carcass yield was determined as a percentage of pre-slaughter live body weight. The carcass was cut into parts, and breast (including thigh and drumstick), wings, and back were weighed. The percentage weight of the eviscerated carcasses was calculated as the ratio between the eviscerated carcass and live body weight. The percentages of the breast, leg, wing, and back were calculated in relation to the eviscerated carcass weight. The weights of selected internal organs (gizzard, liver, spleen, and pancreas) and abdominal fat were weighed and expressed as a percentage of live body weight. The breast and thighs were separated with their skin on and the color values of these samples were determined according to the CIELAB method using a Minolta CR-300 (USA) colorimeter apparatus. Lightness, redness, and yellowness values, L * , a * , and b * , respectively, were represented according to this method. Water-holding capacity (WHC) was measured by means of the centrifuging method (Castellini et al., 2002) . Drip loss percentage was determined as described by Fanatico et al. (2005) .
Statistical analysis
The experiment was carried as a completely randomized design with two treatments. Data were analyzed by ANOVA using the GLM procedure of SAS Institute (2001). An arcsin transformation was applied to the percentage values (i.e. mortality and number of broilers on perch) before testing for differences. Additionally, a two-way ANOVA test using the REPEATED statement in GLM procedure of the SAS Institute (2001) with repeated measurements on both factor levels was performed with age and time of day as factors that have the potential to affect the number of perched birds. The significant differences among means of the treatments were determined by using Duncan's multiple range test with 5 % probability.
Results
Perching behavior or number of birds using a perch was affected by age (P < 0.05) but not by the time of day (daytime: from 08:00 to 18:15 LT; nighttime: 20:00-06:15 LT, data not shown). Interaction between age and time of day with respect to perching was not important (P > 0.05). Numbers of birds used perches from the second week until the end of the fifth week were shown as a percentage of total birds in Fig. 2 . Average perch use was 7.36 % over the course of the study. Overall perching behavior increased by age starting from the second through fourth week (5. 76, 6.72, 8.83 , and 8.13 % for the second, third, fourth, and fifth week, respectively). Highest perch use was attained at the fourth week and at this age perching ratio was higher (P < 0.05) than the second and third week but similar with that of the fifth week (P > 0.05).
Performance traits of broilers, including body weight, feed intake, feed conversion ratio, mortality, and FPL score are shown in Table 2 . Availability of perches had no effect on body weight, feed intake, and feed conversion ratio of broiler chickens fed for 39 days (i.e. intervals of 1 to 21, 21 to 39, and 1 to 39 days; P > 0.05). However, it had a beneficial effect on FPL score, which decreased by approximately 34 % (P < 0.0001).
The broiler chicken carcass characteristics are presented in Table 3 . The meat cut carcass yield and proportional weights of carcass parts (i.e. breast, thigh, wing, and back) were not affected by perch availability (P > 0.05; Table 3 ).
The effects of perch availability on L * , a * , b * color values, drip loss, and WHC of breast and thigh meat of broilers are presented in Table 4 . Color a * and b * values in thigh and breast meat of the birds in the control group was higher than that of the perch group, while the opposite was observed in L * values of breast meat. Breast meat L * values in the perch group were higher (P < 0.01) than the values in the control group. The drip loss was not affected by perch availability (P > 0.05). There was no difference in WHCs of breast meat; however, birds in the perch group had a lower WHC of thigh meat than control birds (P < 0.01).
Measurements of some internal organs and abdominal fat weight as percentage of body weight are given in Table 5 . Proportional weights of the gizzard, spleen, and pancreas were not affected by perch availability (P > 0.05), whereas the weight of the livers was altered (P < 0.01). Compared to the control group, perch availability significantly reduced the proportional weight of liver. Weight of the abdominal fat was not affected by perch availability (P > 0.05).
Discussion
Use of perches has been suggested as a potential addition to improve the welfare and health status of the broilers (SC-AHAW, 2000). However, broilers' perching behavior is not as common as in laying hens, as reported in several studies. In this study, 6 cm of linear perching space would allow 40 % of the birds to perch simultaneously. However, on average 7.36 % of broiler chickens used perches at the same time throughout the study, and the highest perching ratio was 8.83 % at the fourth week. Therefore, it is important to make the right decision on the total length of the perch for efficient use of the restricted space available, something that is critical and always one of the main issues in broiler production. The perching ratio increased up to the fourth week, and then the increase ceased at the fifth week. A similar pattern for perching behavior has been reported in other studies (Pettit-Riley and Estevez, 2001; LeVan et al., 2000) . Ventura et al. (2012) also reported a general trend for different density treatments (8, 13, and 18 birds m −2 ) that perching increased up to the fourth week and then declined. Hongchao et al. (2013) reported an average of 7.4 % perching, with the maximum perching ratio occurring at the fifth week comparable to the current study. Although perching behavior data from this study are consistent with the recent literature, results of older studies may show differences from recent studies, including this study. Hughes and Elson (1977) reported a much higher perching ratio (27 %) at 8 weeks of age. In that study, the birds had lower growth rates (1861 g at the 56th day). Comparison of these older data with current data suggests that broilers' mobility is reduced along with advancing age due to fast body mass increase, as reported by Newberry and Hall (1990) . Results of Nielsen's (2004) study, in which slow-growing broiler strains showed a higher perching ratio, also points out that perching behavior is affected adversely by fast body mass increase. On the other hand, some modifications in perches may enhance broiler's perching rate in certain circumstances, such as in high ambient temperatures or under heat stress conditions. For example, watercooled perches were favored by broilers under heat stress conditions and the perching rate peaked at 16.6 % , which is much higher than the rate in current study (8.13 %), at the fifth week of age.
In this study, availability of perches had no affect on growth performance of broilers. Similar results were reported by Pettit-Riley and Estevez (2001), Estevez et al. (2002) , and Ventura et al. (2012) . Although Zhao et al. (2013) reported beneficial effects of cooled perching on feed conversion ratio and body weight gain, these effects were related to a thermoregulatory advantage of the cooled perches. Availability of perching might not affect these criteria, probably due to relatively low use of the perches by fast-growing broilers.
Perch availability had a beneficial effect on FPL score that was 34 % lower in the perch group (1.32) than the control group (2.02). Furthermore, individual birds that were severely affected were observed to have reduced feed intake in the current study. Supporting the current results, perch availability tended to prevent FPLs in other studies (Ventura et al., 2010 (Ventura et al., , 2012 Hongchao et al., 2013) . Although litter quality was not examined, a potential cause of a lower FPL score seems to be a better litter quality that can be related to the perch availability. It seems that use of perches might have provided a dryer and cleaner surface for birds to stand on or lie down on. Also, perch availability might help to improve litter quality by decreasing bird density at floor level by clearing off some of the birds from the ground and allowing the surface to dry faster. A higher incidence of contact dermatitis has been related to increased level of ammonia in combination with higher ambient temperature, moisture content of litter, and accelerated microbial activity in broiler houses (Bessei, 2006) .
Carcass yield and proportional weights of carcass parts (i.e. breast, thigh, wing, and back) were not affected by perch availability in this study. Zhao et al. (2013) reported similar results with regard to carcass yield and proportions of carcass parts. Low perch use in the perch group, along with similar growth performance, may explain similar proportion of carcass parts in both groups in the current study.
In this study, perch availability decreased color a * values of thigh and breast meat. Currently, there are limited data on meat color in relation to perch availability in the literature. The reddened appearance of breast and thigh meat could be as a result of regular contact of the breast and thigh skin with litter, which usually has an increasing moisture level, particularly after the fifth week. Rapidly growing chickens spend more time (from 75 % in the first week to 90 % at 5 weeks of age) resting in a sitting or lying position as they grow (Bessei, 1992) , and they place most of their body weight on the keel during resting. The birds must often stand on and lie down on their own waste and wet litter. Therefore, ammonia produced by the decomposing organic material may irritate the breast skin in particular. The redness of the breast was clearly associated with breast irritation that was scored as 0 for no irritation or redness of the breast, 1 for slight discoloration (redness) of the breast, and 2 for large discoloration (Jong et al., 2014) . Contact dermatitis has been related to extremely long sitting and lying times and poor litter quality (Bessei, 2006) . As observed in the current study, thinner feather coverage along with sitting on litter for a long time from the third week of age might also contribute to the reddened appearance of the meat. Therefore, perch availability might decrease contact of the breast with litter and consequently lead to reduced a * values of meat color.
Perch availability reduced WHC of the thigh in this study. Currently, there are a very limited number of studies examining meat quality in relation to perch availability. The current results are inconsistent with Zhao et al. (2013) , who reported that decreased drip and cooking losses in broiler meat with cool perches indicated a beneficial influence on meat quality. However, in that study, a slight increase in drip loss was attributed to the detrimental effect of high stocking density, while decreases in drip and cooking losses were related to enhanced thermolysis from the use of cool perches. In the current study, reduced WHC of the thigh in the perch group could be related to perching being an exercise that has been reported to affect the rate of postmortem glycolysis, resulting in a lower WHC in red meat (Cheng and Sun, 2008) .
According the EFSA (2015), liver weight could be a measure for physiological indicators of stress and welfare that could be linked to presence/absence of perches. Liver weights were lower in the perch group in this study. This result could be related to reduce stress resulting from the environmental addition of perches and increased activity (SC-AHAW, 2000) as well as reduced pain (Michel et al., 2012) due to fewer FPLs.
These results suggest that perch availability has no effect on broiler performance. However, in spite of broilers' limited use of perches, perch availability may have a positive impact on FPLs, welfare, and meat quality, probably through increased exercise and utilization of vertical space and therefore reduced density accompanied with better litter quality. These impacts may be more pronounced in unfavorable conditions such as in poor bedding conditions. Overall, the body of literature on the use of perches in broilers is mostly limited to perch position and type. Potential beneficial effects of perch use with respect to animal welfare and meat quality performance should be further investigated.
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